The development of the World Wide Web (WWW) and the proliferation of web enabled devices have allowed various news agencies to enrich their traditional method of distribution of news through TV, radio and print with simultaneous broadcast through the Web. The varying nature of devices through which the Web is accessed warrants different ways to feed the same content. This precipitates some variation in the way users interact with the news feeds. In this article, we investigate how mental models and information scent affect this variation and user interaction on the whole. In particular we were interested in how mental models changed when users moved from one platform to another and the role of information scent in maintaining, creating or changing mental models. We present results from a preliminary survey conducted to capture the current news gathering behavior of the general population. We also present observations about mental models related to multi-platform user interfaces from a study where users accessed the BBC news site from a laptop, a PDA and a cell phone. Our observations show that the users' mental model of the domain remains largely independent of the platform used.
INTRODUCTION
With the proliferation of web enabled devices and the continuous strides in WWW technology, today we can access the Web almost anywhere and anytime. Initially, the desktop was our only portal into the Web but thanks to diverse web-enabled devices like PDAs, cell phones etc. we can now access the Web in various ways. With the availability of such web-enabled devices now designers have to design interfaces for systems across a pool of devices. Such interfaces are commonly referred to as multiplatform user interfaces [2] .
As the device used to access the Web changes, so does our way of interacting with the Web (and the device). A user can use a keyboard and a mouse when in front of a desktop/laptop computer and can perform highly interactive tasks while the same tasks might not be possible on a handheld PDA or a cell phone. Data entry becomes especially difficult on devices where the input mechanism is not highly efficient and convenient like cell phones and hence, tasks like filling out long forms do not translate well from one device with a larger form factor like desktops to another with a smaller form factor like PDAs or cell phones. However, tasks with little input (e.g. browsing), and tasks with limited input like directed searching, translate better comparatively. Consequently, such tasks will find more acceptances among the user population across devices. Hence, the focus of this article is on the latter kind of tasks.
Even if the type of tasks remains consistent across the devices, the way users perform the tasks will vary. As each interface is adapted for the device, the affordances incorporated and the structure of information will warrant a variation in user interaction. The objective of our research is to investigate such variation in user interaction. We look at two specific factors that might affect user interaction and effect variation: mental models and information scent. We first present results from a survey conducted to gauge the current user behavior for gathering news and then present observations from our study conducted to investigate the effects of mental models and information scent.
Scott McDaniel [9] defines mental model as a simple mental image of the structure of the thing they represent that allows a user to predict results of his/her interaction. They just contain enough information to make accurate predictions based on what the user thinks is true. Studying mental models is important because they govern the way the user is going to use the system, which consequently depends on how well the user understands the system. A well-understood system with a good mental model will allow the users to use the system effectively. Don Norman [10] points out that the designer's view of the system might be different from user's view. He refers to the designer's view of system as design model and the user's view as user model. He argues that a designer should aim for compatible mental and design models for a more usable system. But this is only possible with a good understanding of the user's mental model and how it affects his/her interaction.
The effects of the difference between a user's mental model of the system and the design model are more pronounced in case of multi-platform user interfaces where the mental model might be different for different devices. A user's acceptance of using various devices to access the same system might depend on the adaptability and accuracy of his/her model. As the gap between designer's and user's view of the system is reduced, minimum effort will be spent on converting user intentions to actions and system outcomes to interpretations [8] . The user will find it easier to use the system and which will in turn spawn more frequent usage. So understanding how the mental models affect user interaction is essential to building effective and usable information systems across devices.
Information scent is a concept that been extensively researched at Xerox PARC by Peter Pirolli, Stuart Card, Ed Chi and others [3, 4, 12, 13] . The concept of information scent was initially introduced by Pirolli and Card and is a refinement of a theory proposed by George Furnas [5] in which a representational object holds a "residue" of what hides behind it. Dr. Ed Chi defined information scent in an interview [7] as "made of cues that people use to decide whether a path is interesting. These cues consist of images, hyperlinks and bibliographic citations related to the information needed." Such cues allow the user to estimate the likelihood of finding the right information for a particular path. In the absence of a valid mental model, users might use information scent to build one. Also there might be special cases, where the information scent for a path might be very strong but the path might not match the user's mental model and it will be interesting to observe user interaction in such cases. Through our research we explore the above issues and other effects of information scent on user interaction.
We chose news feeds as our domain since it is much more likely that in the near future, users will use the new web-enabled devices to browse news. People today already get their news from multiple sources. They read newspapers, listen to the radio, browse online and watch TV. As PDAs and cell phones become web enabled, many organizations, including news agencies, are starting to provide optimized versions of their desktop websites for these small form factor devices as well. In addition to optimizing news websites, new ideas are constantly being brainstormed to come up with innovative ways of feeding news content. RSS feeds [11] (also called webfeeds) are a good example of an innovative way to feed news content allowing the users to remain up-to-date with their favorite news sources. It is a standard format for syndicating news and news-like content. Most of the popular news agencies (CNN, BBC etc.) already publish their news items through RSS feeds. A similar but more recent trend has emerged in the form of podcasting [6] , which involves selectively downloaded audio feeds playable on an iPod or iPod-like device.
As is evident, not only new ways of feeding news content are being invented but also new application domains for existing devices and how they can be applied to provide important news updates and items. What makes this domain special is that as users become more aware of multi-platform systems accessible over wide array of devices they are much more likely to use multiple devices for the purpose of news reading, since the entire domain involves tasks with no or little input (browsing and directed searching: categories we described earlier) and provides very important current and pertinent updates. For example, in the case of podcasting, all the news items are available through the iPod at the touch of a button. Hence, the cost-benefit ratio is very high. As users start becoming aware of various ways in which feeds are available (websites on PDAs & cell phones, RSS feeds, Podcasts) and as the devices get cheaper and more affordable, we anticipate news sites to be among the first multi-platform information systems to gain widespread acceptance. The sudden popularity of Podcasting in a short span of time along with news agencies (BBC, NPR etc. ) recognizing the trend is evidence enough that users are willing to accept new forms of technology for news feeds. Usability across devices, called horizontal usability [15] in the literature, becomes much more important in this domain. Slone [16] conducted an interesting study about how user navigation and the use of web vary with the mental model, user experience with the web and user motivation. Our research is in the same vein, except that we are trying to tie user navigation with devices, mental model and information scent. A more relevant study was performed by Dr. Purush [14] , where he tried to relate mental models with devices. He concluded that mental models are different for different devices but didn't have sufficient evidence to support the claim that a mental model is tied to a device. Don Norman suggests that mental model might be context dependent rather than device dependent. However, the claim by Don Norman is not supported by any study and is open to debate. As the mental model of the user changes with the device, user interactions with device might change and consequently the navigation pattern as well. A factor that might contribute to the mental model is the way a user is required to interact with the device. Albers et al. [1] state that users have an active mental model of all sites and they evaluate the events against that mental model. If the mental model is incorrect, then the information retrieved from the system might not be correctly interpreted giving rise to incorrect actions. Eventually the user will shift to a different mental model but not till data interpretation problems have reached a critical stage. Arguably, we can say that mental models are based on interaction and they govern future interactions as well. If we take the same argument and factor in different devices, it paints an interesting picture about mental models, devices and the way information is presented. If the information presented on a particular device coincides with user's mental model, the user might not shift the mental model from device to device. But if the information presented doesn't coincide with user's mental model, then the user has to rely on the combination of mental model and the "information scent" presented in the data. If he still gets the task done, then it implies that the information had sufficient "scent" to guide the user through the task.
RELATED WORK
The concept of information scent is based on Information Foraging Theory, which according to Peter Pirolli [12] , "addresses how people will adaptively shape their behavior to their information environments and how information environments can be best shaped to people". The specific aspect of Information Foraging Theory that is relevant to our study is the information scent of web pages, which refers to the cues used by users to make decisions related to the selection of information sources to consume.
There are numerous other ways that can be used to measure information scent which are relevant to our research. Card, Pirolli et al. [3] have developed a variety of methods for usability evaluations based on information scent. With their method, information scent is measured in two ways: 1) User comments during browsing such as "that looks promising" or "I think I'll try something else" are used as indicators of high or low scent and 2)
Side experiments take place with expert judges who rate the information scent of pages with respect to a given task.
Other related work includes SNIF-ACT [13] , a system which simulates a user searching for information online. SNIF-ACT uses a cognitive model, based on Information Foraging Theory, to rank links' relevance to the information need. In experiments with real users, a significant matching pattern between the users' choices and SNIF-ACT's predictions was found. Other computational methods have been developed for understanding the relationship between user needs and user actions [4] .
PRELIMINARY SURVEY & RESULTS
A preliminary survey was conducted to gauge user behavior for gathering news with respect to various sources used and the manner in which they are used. A survey was designed in paper and web format and distributed across listservs and discussion forums at Virginia Tech. We received 15 responses to the survey and base our observations on those responses.
Web (87%), TV (73%) and Radio (60%) were identified as the most important sources for everyday news by most of the respondents. Almost all of the respondents (over 90%) who watch TV for news do so in the evening or night in the bedroom or living room (~94%). On the contrary those who use radio, do so mostly in the morning (over 90%) commuting to work in car (81%). All the users who use web for news do so from office (100%). This reinforced our choice of using news feeds as domain of investigation since most of the users are already familiar with the concept of online news feeds and browse the feeds almost daily. Also they currently get their news from multiple sources using multiple devices and hence, will be more receptive to the idea of using multiple devices for browsing news.
Most desktop users browse the sites regularly for news headlines (67%) or without any specific article in mind (60%). At least sometimes, most users (87%) also look for a specific news item while browsing through a desktop / laptop. Respondents preferred to use desktop computers whenever they had to view multimedia rich websites or wanted to provide some kind of input. This again confirms our assumption that users will not use web enabled devices with smaller form factor with poorly developed input mechanism for highly interactive tasks.
Encouraged by the survey results which confirmed our assumptions we went ahead with the study to explore user interaction issues involving mental models and information scent in detail. 
THE STUDY
We had 8 participants for the study organized in four groups. Each group used two devices for the study. The study was performed using the BBC News site which is available in HTML format (for desktop and PDA) and in WAP format (for the cell phone). An Averatec laptop with a resolution of 1024 X 768 on a 12" screen , a Palm Tungsten C with a resolution of 320 X 320 and a Sony Ericsson T610 phone with a resolution of 120 X 160 were used for the study. Each group was given four different tasks from the following list of tasks, each one on a separate sheet of paper: Regarding Task #5, the opinions of the viewers are organized in a section called "Have your say" (available on PDA and laptop). The section can be accessed in two ways from the desktop (Main menu and through the article) and only one way from PDA (Main menu).
The participants had to perform these tasks using two different devices in the order (for devices) described in Table 1 . The order of tasks itself was random among the participants but was consistent for a particular participant across devices. The tasks were a mix of directed searching and browsing. Task #4 is an example of browsing on one platform translating to directed search on another. Task # 2 is an example of an article viewed earlier but a user can't remember the name of the article. S/he just remembers the content but not the headline. Task # 1 is an example where the user remembers the exact headline. Task # 5 is interesting since paths followed to reach the desired item can be different on different devices. Task # 3 is a case of plain browsing.
The participants were asked to think out loud and a facilitator took notes. All the sessions were recorded with a video camera focused on the device screen for reviewing and analysis. After completion of the tasks over each device, each participant was asked to fill out a questionnaire, which gave us an idea about the mental model s/he had developed for the system over that device. The questionnaire also had questions, which helped us evaluate information scent of links they followed. In addition to the questions, we also independently reviewed the links followed by the participant using the recorded sessions and rated the information scent for links & structures as good or bad, depending on how the participant felt following the link (based on what s/he said when s/he was thinking aloud), his/her confidence in following the link and his/her satisfaction with the result. This method of evaluating information scent is similar to Pirolli's and Card's [3] method with the exception that we did not produce web behavior graphs from our measurements and we only evaluated the links that the users followed.
OBSERVATIONS
In this section we discuss our observations related to mental models and focus on the impact of changing platforms on the users' mental model. Users preserve the mental model when they move from one device to another. This is the single biggest conclusion drawn from our observations. There were various instances to support our conclusion. For the task involving finding out viewer comments (task #5), Participant #2 on a laptop initially struggled, but then found the "Have Your Say" section as a separate section from the Main Menu. S/He used the same model over PDA and found the section within 13 seconds. Participant # 3 found the "Have your say" section once s/he browsed to the article and then followed the link to the section from the bottom of the page. Hence, according to his/her mental model the section was possibly specific to the article and not available at the higher level of menus. The participant simulated a similar browsing pattern on the laptop as well, although there was clear "Have your say" section link in main menu. The link was overlooked because according to the user's mental model, the information was stored inside the article and available only through it.
Users use information scent to build their mental models.
When the participants were unaware of the location of article within the site, they used information scent to guide them through to the article. Once they found the article they built a mental model of the location. In other words, a successful completion of the task finalized the user's mental model for the information at hand. Hence, information scent plays a very important role in building a correct model with the highest accuracy for finding the required information. We draw this conclusion from numerous observations. Whenever participants failed to find the article on the front-page (for laptops and PDAs) or when they were starting their search on cell phones for a specific article, they categorized the article according to region or category (like sports, business etc.) or both and used the information scent of the links to guide them through. For example, Participant # 7, for the headline "Indonesia Spied on Australians", used "Indonesia" to look for the article in "Asia-Pacific" section. Other participants exhibited similar behavior.
Use of Proper nouns in links aids building mental models.
Participants used Proper Nouns from article headlines or task descriptions as their primary search criteria and then used verbs as secondary filters. When they visually scanned an article they picked up the proper nouns before anything else, and this helped them in categorizing or understanding what the article was about. Using such nouns in links lends more scent to the link and in turn makes it easier for the user to build the mental model. A headline such as "Missing mother reservoir search", doesn't have any proper noun and makes it difficult for a user to locate the article.
Mental model changes across devices only for the fractured part.
When the users move from one device to another their mental model is reinforced if the task is completed successfully and the required information is obtained. However, in cases where the information is not found by following the same path as on previous device, they repair the mental model or in other words "adapt" the mental model for that particular information and for that particular device. For example, Participants # 1 and 2 were given a task where the article was available on the front-page over the laptop and was NOT available at all over the PDA. As expected they found the articles easily on the laptop. Since they carried the mental model to the PDA, they expected to see the article on the front-page on the PDA as well. However, once they couldn't find the article, they used nouns ("Turkey" in this case) to categorize it by region and used information scent to locate the article. They couldn't find the article on the PDA and correctly concluded that it's available on the main page on the laptop and unavailable over the PDA. The rest of the model remained the same for the participants.
Strong information scent takes precedence over mental models.
Although users preserve the mental model across devices and try to follow the same path, there are special cases where when presented with a link with a very strong information scent, they choose to follow it against their mental model. For e.g. Participant # 7 located a headline about sports under "World -> South Asia" section on the cell phone. However, on the PDA, the user browsed to World section and then went to "Sports ->South Asia" for the same headline. This is because the article s/he was searching for was related to sports and the participant thought s/he had more chances of easily finding the article under this section. However, when asked to draw a mental model of the organization of the article within the site, the participant drew a similar organization in both cases. This brings us to the next conclusion.
Mental model depends on information structure and not on the device. Also, the information structure should follow a logical pattern.
As we have already seen, the mental model is consistent across devices and the factor that contributes the most to this consistency is the consistency of the structure of information and a comprehensible presentation of that structure. In our study news articles for Wales, Scotland, etc. were organized under UK section on the laptop, while they were separate sections on the same level as UK on cell phone and PDA. This had considerable impact on the participants' understanding of the system. When prompted to get news about Wales or Scotland, they tried to go in to UK section. Even those participants who didn't use the laptop and hence, were unaware of the information structure on the laptop tried to access UK section first but quickly found the links to this section below them. This shows that information should be organized in a logical manner and should follow consistent pattern across devices. This will greatly ease the burden of building and adjusting mental models on the user since the structure of information will be the same and easier to remember because of a logical pattern.
Dr. Purush in his study, intended to investigate if mental models depended on a device but couldn't arrive at any conclusion. We conclude that the mental models are not device-dependent (as already seen by our previous observations). They depend more on the structure of information presented to the user on the device and it is possible to have just one mental model across devices if the consistency in information structure is maintained and is presented in a comprehensible manner to the user. This is in direct contrast to Purush's conclusion that mental models are different for different devices. Mental models are different only for the fractured part where the information structure doesn't match the mental model from previous device.
DISCUSSION AND CONCLUSIONS
In this section we present further observations of our findings and conclude the article with pointers for developers of multiplatform user interfaces.
The effects of moving from one platform to another might be less pronounced in our study than in other circumstances. All user work was done with a single source of information (BBC). The information and interface was presumably designed in a coordinated fashion for the multiple devices. The same cannot be said about other tasks that are done with multiple devices. For example, we can access email from our laptops, from the web using a browser, from our PDAs, and from our cellphones. Each one of these has an email program that was designed by different developer groups. The effects of the switch of platform could be more pronounced in this case, as the differences among devices might go beyond simple screen labels and menu options. The user's mental model of the domain, in the BBC news study, is largely cohesive across devices. The mental model conveyed by the designers of email programs might be more conflicting as different platforms and designers provide different features.
Further study is required to explore this possibility.
We also learnt that the mental model is strongly influenced by the information structure of the domain, and not so much by the interactive attributes of each individual platform. Clearly, our sample size is too small to make this conclusion with certainty, but it seems like a possibility. This implies that the mental model is more of an internal structure the user builds to represent the domain and not so much the collection of mental model of the interaction with different devices.
We noted another interesting thing about the way users drew their understanding of the BBC website. Two participants represented their mental model for devices with larger form factor as vertical and for devices with smaller form factor as horizontal, although the organization of the information remained the same. The reasoning behind the variation in organizing the mental model might reflect a different way of thinking about the interaction with the domain as influenced by the device. It is possible that users think of information systems as sequential entities on smaller form factor devices. This might reflect the almost sequential nature of the interaction, forced by the small display and limited number of choices at each stage. The hierarchical (vertical) organization on devices with larger displays might reflect a perception of interaction as a browsing activity, where users move up and down a hierarchy. We believe that this is an interesting observation that requires more investigation.
We hope the designers of future multi-platform news feeds and multi-platform user interfaces in general, will be able to use some of the conclusions and recommendations presented for building better systems.
